This study describes workplace conditions, the environment, and activities that may contribute to musculoskeletal injuries among nurses, as well as identifies solutions to decrease these risks and improve work-related conditions. The study used a mixed-methods design. Participants included nurses and stakeholders from five hospitals. Several focus groups were held with nurses, walk-throughs of clinical units were conducted, and stakeholder interviews with key occupational health and safety personnel were conducted in each of the five hospitals, as well as with representatives from the American Nurses Association, Veterans Health Administration hospital, and National Institute for Occupational Safety and Health. Several key contributing factors, including the physical environment (e.g., layout and organization of work stations), work organization and culture (e.g., heavy workload, inadequate staffing, lack of education), and work activities (e.g., manual lifting of patients, lack of assistive devices), were identified. Recommendations included the need for a multifaceted and comprehensive approach to developing a sound ergonomics program. [Workplace Health Saf 2013;61(10): 429-439.] 
T he high rate of musculoskeletal disorders, especially back injuries, among health care workers involved in direct patient care has been well documented (Bureau of Labor Statistics, 2010d; Collins, 2010; Gropelli & Corle, 2010; Howard, 2010) . Traditionally, this problem has been addressed through body mechanics training programs that have limited effectiveness (Collins, 2010) . Thus, it continues to be a persistent and costly problem (de Castro, Hagan, & Nelson, 2006) . As Fragala and Bailey (2003) noted, injury prevention programs are more effective if they focus on tasks that contribute to injury causation. This study describes workplace conditions, the environment, and activities that may contribute to musculoskeletal injuries among nurses, as well as identifies solutions to decrease these risks and improve work-related conditions.
LITERATURE REVIEW
According to the Bureau of Labor Statistics (2010a), health care, one of the largest industries in 2008, provided 14.3 million jobs for wage and salary workers, with about 40% of these workers employed in hospitals and about 28% of all hospital workers being registered nurses (RNs) . Registered nurses are the largest group of health care workers, with 2.6 million total RN jobs; about 60% of RNs work in hospitals. From 2008 to 2018, employment of RNs is expected to grow by 22%, much faster than the total expected U.S. employment increase of 10% (Bureau of Labor Statistics, 2009 ).
Due to a smaller Millennial generation, fewer young people are available to enter the nursing profession; the larger Baby Boomer generation is an aging active work force (Buerhaus, Staiger, & Auerbach, 2008) . In 2008, the average age of the RN work force was 46.8 years (National Institute for Occupational Safety and Health [NIOSH], 2008) . Buerhaus et al. (2008) reported that nearly two thirds of the growth in nurse employment was supplied by RNs older than 50 years. In the United States, nursing is facing a critical shortage estimated to be 20% by 2015 and 30% by 2020 (Gropelli & Corle, 2010) . Other factors contributing to the shortage of practicing nurses include occupational back injuries, which cause 12% of nurses to leave the profession annually (Gropelli & Corle, 2010) . In addition, in a 2011 American Nurses Association survey of 4,614 RNs, disabling work-related musculoskeletal injuries were named as the second (of 10) greatest concern by 62% of respondents (American Nurses Association, 2011). Nearly two thirds indicated lift devices were generally available, but only 31% used them frequently and 48% reported infrequent use. Eighty percent of nurses reported frequently working with musculoskeletal pain and 62% worked with this pain very frequently. In addition, 59% of nurses said health and safety concerns at work influenced their decision to continue to practice in the nursing field. Consequently, reducing and preventing back injuries is critical to preserving the health of U.S. nurses.
BURDEN OF MUSCULOSKELETAL INJURIES IN THE NURSING WORK FORCE IN THE UNITED STATES
Musculoskeletal injuries have been reported to comprise about 43% of all nonfatal occupational injuries and illnesses (Bureau of Labor Statistics, 2010d) . Howard (2010) reported that the musculoskeletal injury rate for health care workers (252 cases per 10,000) was more than seven times the average national rate for all occupations. In 2009, nursing aides, orderlies, and attendants had the highest number of musculoskeletal injuries reported (n = 25,160) for all occupations and RNs were the sixth highest occupational group with 10,480 musculoskeletal injuries. Nursing aides, orderlies, and attendants had a median of 6 days and RNs had a median of 8 days away from work per injury (Bureau of Labor Statistics, 2010b , 2010d .
Although workplace injuries and musculoskeletal injuries may be devastating to affected workers, they are also costly to business and industry. Direct and indirect costs associated with back injuries in the health care industry, adjusted for inflation, were estimated to total $7.4 billion annually in 2008 dollars (Waehrer, Leigh, & Miller, 2005) . Overexertion injuries due to lifting, carrying, pushing, and pulling ranked highest in direct costs to businesses at $13.6 billion (Liberty Mutual Research Institute for Safety, 2012).
Age-related changes, beginning at age 40, include less muscle mass, muscle efficiency, and intervertebral disc strength, leading to less strength and mobility. Less strength and mobility directly affect workers' ability to lift heavy objects (Waters, 2007; Watson, 2008) . These age-related changes also affect nurses' ability to turn, lift, or physically support patients (de Castro et al., 2006) . Given that back pain and injury prevalence rates increase with age, it has been suggested that the aging nursing work force may not be physically equipped to manually transfer patients (Fragala & Bailey, 2003) . Kjellberg, Lagerström, and Hagberg (2003) related that other studies have investigated the relationship between nurses' age and risk of injury, but have not found evidence that age is directly related to manual handling injuries or low back symptoms. However, accident severity does increase with age (Keller & Burns, 2010; Silverstein, 2008) . According to the Bureau of Labor Statistics (2010c), in 2009, the median number of days away from work because of injury or illness was 6 for workers age 25 to 34 years, 9 for workers age 35 to 44 years, 11 for workers age 45 to 54 years, and 13.7 for workers age 55 to 64 years.
The musculoskeletal injuries suffered by RNs are due in large part to repeated manual patient handling activities such as transferring and repositioning patients, working in awkward postures, or pushing and pulling heavy objects (Collins, 2010; Fragala, 2011) . The risk is magnified by increasing patient size related to the obesity epidemic in the United States and the rapidly increasing number of older patients requiring more physical assistance (Collins, 2010; O'Malley et al., 2006) .
Compared to the non-obese population, obese patients
This study describes workplace conditions, the environment, and activities that may contribute to musculoskeletal injuries among nursing staff. These injuries can be related to providing direct patient care, such as lifting patients, or working in awkward postures or positions.
Steps must be taken to not only identify tasks and activities that can result in work-related injuries, but also develop and implement solutions to mitigate or eliminate risk. Workers should be involved in identifying these risk reduction strategies and evaluating the success of interventions.
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require more frequent and extensive health care due to obesity-related health problems, and health care personnel are increasingly encountering hospitalized and critical care bariatric patients (Pieracci, Barie, & Pomp, 2006) . Musculoskeletal injuries associated with patient handling can negatively affect staffing levels, clinical experience (because injured nurses may be unable to return to work), and ultimately patient care and outcomes, directly impacting both the patient and the institution (Randall, Pories, & Lucas, 2010) .
When NIOSH published the Revised NIOSH Lifting Equation in 1994, it was recommended that the equation not be used for assessing patient lifting because it did not account for unpredictable conditions (e.g., unexpectedly heavy loads, slips, patient combativeness, or unexpected movements) (Waters, 2007) . NIOSH determined that the maximum recommended weight limit for patient lifting should be 35 pounds, rather than the 51-pound weight limit set by the Revised NIOSH Lifting Equation. Registered nurses are not likely to work with patients who weigh less than 35 pounds, except in nurseries or pediatric units (Waters, 2007) . NIOSH recommends if patients weigh more than 35 pounds, assistive devices should be used to move them (Collins, 2010) .
RISK REDUCTION

Lift and Movement Strategies
Various strategies (e.g., lift teams, mechanical lifting equipment, and policies that limit manual patient handling) have been reported to reduce the incidence of musculoskeletal injuries (Collins, 2010; O'Malley et al., 2006; Sherehiy, Karwowski, & Marek, 2004; Waters, 2007) .
O 'Malley et al. (2006) described the development of a hospital lift team program for an aging nursing staff in response to occupational back strain injuries caused by moving heavy patients. The program included an interdisciplinary team to thoroughly assess, plan, implement, and evaluate the program. A 70% reduction in nursing personnel injuries and transitional duty days, with resulting cost savings, resulted.
Springer, Lind, Kratt, Baker, and Clavelle (2009) described the implementation of a lift team program in a medical center. The lift team program was introduced without implementation of an accompanying manual lift policy. According to Springer et al. (2009) , although no change in employee injuries resulted, the program was continued due to strong support from nurse leaders and patient satisfaction. The researchers postulated that the effectiveness of the lift team may have been impacted by the lack of a manual lift policy (Springer et al., 2009) . Collins (2010) and Nelson et al. (2006) described the importance of mechanical lifts in lift teams' comprehensive training programs. Alamgir et al. (2008) reported that floor lifts are often not used because of limited access, lack of space for use or storage, difficulty operating them, inadequate staff, or perceived excess time required for their use compared with manual methods. In their study of 12 extended care and 7 acute care facilities, the researchers found that ceiling lifts reduced injury rates, were cost-effective, required minimal effort to maneuver, were always available, and were acceptable to staff and patients. Still, O'Malley et al. (2006) reported that, although mechanical lifts may reduce risk, the risk is not eliminated; for lifts to work, patients must still be moved to apply the sling or other attachment.
Little progress has been made in reducing risks associated with patient repositioning, especially pulling patients toward the head of the bed (Fragala, 2011) . Repositioning patients in bed is described by Fragala as an occupational hazard to direct care nursing staff, and effective responses to these threats must be found. The investigator described the gravity position, similar to the Trendelenberg position, as facilitating the task of pulling patients toward the head of the bed. With application of the gravity assist feature alone, Fragala demonstrated that the amount of work required for a single simulated resident repositioning task can be reduced by about 67%. Work demands can be reduced even further when moving larger residents by using a slide sheet. The gravity assist position has been introduced into bed frames for post-acute care. Further patient repositioning research is necessary to identify solutions such as gravity assist to reduce the risk of musculoskeletal injuries when RNs reposition patients.
Multifaceted Programs
Several multifaceted interventions to reduce occupational musculoskeletal injuries among nurses have been identified . The program reported by , based on international case studies from within and outside the health care industry, included six elements (Table 1) This program, implemented in seven health care facilities with high-risk units, resulted in a significant decrease in occupational musculoskeletal injuries and modified duty days, significant cost savings, and improved nurse job satisfaction and safe patient handling practices . Continued research was recommended to evaluate the long-term impact of this multifaceted program. Howard (2010) reported that health care organizations must recognize the benefits of a comprehensive safe patient handling program to improve health care workers' safety and health.
de Castro et al. (2006) described other safe patient handling programs that included a "no manual lift" policy, hazard assessment of patient care areas, investment in patient handling equipment and devices, care planning for patient handling, creation of a lift team, staff training, and programmatic evaluation. Safe use of patient handling equipment is dependent on frontline users; the equipment must be used to reduce injuries.
Health care facilities that have implemented safe patient handling programs have reported cost savings and a safer workplace. de Castro et al. (2006) described $300,000 in savings at Veterans Health Administration health care facilities in care delivered and associated employee costs (e.g., training and equipment) 2 years after program implementation. Additional work-related benefits included decreased employee injury rates, restricted duty days, and absenteeism and increased employee morale, patient satisfaction, and staff recruitment and retention.
In 2003, the Handle with Care campaign was developed by the American Nurses Association (ANA) in collaboration with the Tampa Veterans Health Administration Patient Safety Center of Inquiry, state nurses associations, nursing specialty organizations, the research and academic community, and other health care systems with the goal of establishing a national no manual handling policy. One dimension of the campaign explored patient handling education for nursing students. Lifting techniques and body mechanics have been traditionally taught in nursing schools, but decades of research has demonstrated that these strategies alone do not prevent patient handling injuries (Dawson et al., 2007; de Castro et al., 2006; Nelson et al., 2007; O'Malley et al., 2006) . Powell-Cope, Hughes, Sedlak, and Nelson (2008) found that despite well-documented evidence that ergonomic principles prevent musculoskeletal injuries among nurses handling (Hughes, 2010) , part of the Handle with Care campaign. The goal of the recognition program was "to assist health care organizations to establish, implement, and monitor a comprehensive program to reduce or eliminate musculoskeletal injuries in clinical health care workers and patients" (Hughes, 2010, p. 36) . The recognition award is given to health care facilities that have an operational safe patient handling program, including the nine key elements of the ANA program, for a minimum of 3 years (Table 2) .
METHODS
This study used a mixed-methods design. Qualitative data were gathered via focus groups, interviews, and observations of working conditions during hospital walkthroughs.
Setting and Sample
Five North Carolina hospitals participated in the study. Participants were recruited using three approaches: posted recruitment flyers describing the study purpose and requesting participation in focus groups; a fact sheet sent to potential participants who contacted the principal investigator in response to the flyer; and face-to-face recruitment by designated hospital personnel who did not participate in the study. Eligible focus group participants were RNs working on general medical or surgical units. The final sample included 42 RNs in eight focus groups with three to nine participants each.
Instrument
In keeping with the purpose of the study, the focus groups explored five major questions:
1. What type of work do you do? 2. Can you describe the physical and organizational conditions of the work environment?
3. Can you describe specific work activities you do that could lead to or put you at risk for musculoskeletal injury? Do you feel this risk is acceptable to some degree? 4. How would you describe conditions or activities in the work environment that reduce the possibility of musculoskeletal injury? 5. Would you be able to give one or two simple solutions to increase the safety of specific work activities identified in number 3 above?
Data Collection
Three approaches were used for data collection: focus groups, walk-through observations, and interviews. The focus groups were led by an experienced moderator who recorded and transcribed all eight focus group sessions for data analysis. Each focus group lasted between 60 and 90 minutes.
Walk-through observations and informal interviews were conducted by an ergonomist and occupational health nurse with ergonomic expertise on two hospital units in each of the five hospitals. Observational data were recorded through note taking. Observations were made of vertical dimension information (i.e., work surface heights and required reach); push/pull forces on carts and other items nurses were required to move; unit layout in terms of visual impediments for nurses; and organization of the various bins and stations, such as the Pyxis Station.
Interviews about the work environment focused on ergonomics, trends and patterns in musculoskeletal injuries, work organization, tested solutions, and interventions recognizing an age-progressive work force were conducted with 10 key occupational health and safety staff at the five participating hospitals. Additional telephone interviews were conducted by the occupational health nurse ergonomic specialist with key stakeholders from the ANA, Veterans Health Administration hospital (Tampa), and NIOSH to identify prevention strategies. Each interview lasted about 30 minutes.
RESULTS
Responses to focus group questions emphasized identification of specific work activities that increased the risk of musculoskeletal injury and ways to reduce that risk. Responses were then categorized into four main areas: physical environment, organizational conditions, work activities and nurse/patient contributors, and solutions, with specific contributing themes (Table 3) .
Walk-through observations were conducted on 10 clinical units. All data were reviewed and organized by the research team. Although different issues were identified on various units, general themes emerged.
Poor design of nursing stations required nurses to continually and repetitively stand and sit to monitor patients. For example, in one facility, the nursing station was designed to provide focused observation through a window of two patient rooms by one assigned nurse. Although the concept was sound, when the nurses sat down to write, read, or work at the computer, the window did not extend down far enough for most nurses to see the patients, so the nurses repeatedly raised their body weight off the chair 3 to 4 inches to observe patients. Observing patients in this manner was an almost con- 
Data Analysis Themes From Focus Groups
Topic Theme
Physical environment Participants agreed that patients' rooms are not large enough to accommodate the equipment, furniture, and visitors that are often simultaneously present. The rooms were also described as disorganized, which was often attributed to their small size.
Supply and storage areas were described as too high, too low, and too crowded to allow for the retrieval of needed supplies and equipment in a timely and easy fashion.
Participants also complained about the layout, composition, and organization of nursing work stations. Specifically, they noted that (1) too many individuals are often in the nurses' station;
(2) chairs are too few, too low, too high, and/or too old; and (3) private work stations are poorly organized, lack sufficient space, and require repair.
Organizational conditions Shifts were described as flexible, rotating, or variable, but breaks were described as infrequent or irregular. Most often, the frequency or regularity of breaks depended on the workload. In some cases, it also depended on the degree of cooperation or interpersonal relationships between nurses.
Participants' workloads are generally heavy and made worse by several interrelated factors (e.g., specialty/unit, nurse-to-patient ratio, patient acuity, shift, and/or availability of adequate staff).
As a result of the heavy workloads and the factors contributing to them, participants experienced stress and a general lack of time. Participants suggested that this often interfered with their ability to use proper body mechanics, seek coworker assistance, or retrieve equipment that could reduce injury risk.
Participants also described the available education about proper body mechanics or proper use of equipment for lifting patients. However, this education was often described as one-time events that occurred during orientation with reinforcement. Other voluntary courses were mentioned, but participants said that they could not enroll in them because of their workloads and schedules. Participants said the same thing about exercise or fitness classes that were offered by the hospital.
Participants indicated that management and employee health generally supported reducing musculoskeletal injury risk and injury reporting was encouraged. However, participants noted that nurses may not report injuries when they occur because of (1) heavy workload; (2) perceived non-severity; and (3) perceived (or actual) burden of the reporting process (e.g., completing paperwork).
Work activities and nurse/ patient contributors
Both patient care and non-patient care activities that may contribute to musculoskeletal injuries are numerous and include reaching, jumping, stretching, moving, bending, pushing, kneeling, pulling, and lifting. The risk associated with these activities was perceived to be made greater because of nurses' workloads.
Participants also mentioned several nurse characteristics that they believed were related to occupational musculoskeletal injuries, including age, experience, gender, height, and prior injury. Participants also discussed the culture and expectations of nurses, noting that they expect their jobs to be painful, stressful, and physically demanding. Participants made clear, however, that this did not mean that they find the risk of musculoskeletal injury acceptable.
Participants also mentioned several patient characteristics that they believed were related to the incidence of occupational musculoskeletal injury. The most frequently mentioned patient characteristic was patient weight. Patient condition or acuity, resistance or refusal, and mobility were also frequently mentioned.
stant work requirement, creating repeated pressure on the lower back.
Poor design of operated medication systems (Pyxis Station) and supply stations required continuous awkward postures of the torso, including bending, stooping, and sometimes sitting, leaning, or kneeling on the floor to obtain needed medications.
For example, nurses noted that at times they would maintain a fully flexed posture of the torso as they inventoried narcotics on the lower shelves of the station. Many of these shelves were located less than 18 inches from the floor, thereby requiring this fully stooped posture to accomplish the task. The redesign of this station to eliminate these fully flexed postures is certainly possible and should have been considered by the original designers. In one facility visited, nurses were told that the location of the items in the Pyxis Station was dictated by operations staff and that it "would be very difficult to change the positioning of the stock items."
Non-use of patient lift devices resulted in manual lifting of patients. Nurses often commented they were unaware of the storage locations of lift devices, the lifts were impractical to use and too difficult to maneuver, the use of lifts was not a priority on their units, and management did not require lift device use. For example, in four of the five hospitals visited, nurses did not talk about using lift devices. Many of the nurses did not know where the nearest patient lift device was stored for their units. Most said they rarely, if ever, used the devices and noted that they were too time-consuming to use, difficult to maneuver in certain environments and small spaces, and difficult to find when needed. It was unclear whether the nurses were aware of the risks of manual patient lifting, but it was clear that use of these devices was not a priority or concern for them. When discussing the use of lift devices with hospital management and after reviewing their historical injury data, patient movement activities were the major causes of musculoskeletal injuries. Most nurses viewed this risk as simply part of the job.
However, in the one hospital that did use lift devices, the message from management was that patients were to be lifted using assistive devices. This facility had invested significant resources in lift devices and training, and multiple lift devices were visible in hallways and rooms, not hidden away in a storage room. The new systems included a secure harness system that reportedly helped patients feel secure while being moved. This facility also had installed ceiling-mounted patient lift devices and provided several standing and raising aid systems. Although these systems are expensive, hospital administration had invested in these devices so that patients would not be lifted manually; the staff had followed this directive. Conversations with the nurses revealed that administration required staff to demonstrate competency in the appropriate use of these devices annually.
Stakeholders
In general, stakeholders indicated that most nurses' injuries were lift-based, especially when moving heavier, more obese patients. They also recognized that lifts were not always readily accessible or available and education about ergonomics was lacking. Stakeholders also expressed concern about the aging nursing work force and that the more acutely ill patients were dependent on nurses for mobility. Poorly designed rooms and work stations were also issues.
Several remedies were suggested by the stakeholders interviewed. More ergonomics education and training with return demonstrations (e.g., risk assessment with patient lifting and transfer, and proper use of mechanical devices) should be conducted. Activities such as wound care and feeding patients often require awkward postures. Education should be provided to employees on 
Data Analysis Themes From Focus Groups
Topic Theme
Participants described several lifting devices but noted that they are not always available and, when available, are not always accessible due to timing or location. Participants also did not perceive them as being worth the additional time or effort required to use them. When combined with a heavy workload, the time to access and the location of the devices sometimes resulted in nurses deciding not to retrieve equipment that could reduce the risk of injury when lifting patients.
Solutions
Participants recommended several solutions to reduce the risk of musculoskeletal injury, including: the hazards of improper and unsafe patient handling, and staff should learn about basic ergonomic principles and practices. For example, when bathing a patient, the bed should be elevated to waist level and the nurse should move around the bed to each limb, avoiding bending and static, awkward, twisting positions. Patient transfer criteria can be used to manage risk, but should be paired with administrative and engineering controls for employees who perform risky patient handling tasks (Fragala & Bailey, 2003; Nelson, Fragala, & Menzel, 2003) . Education about the use of assistive devices and operating lifts should begin for all nurses during their initial nursing education, and annual competency evaluations of staff should ensure the safe use of patient handling equipment (Nelson, Owen, et al., 2003) . Nurse managers should enforce the use of assistive equipment, adhering to hospital policy and demonstrating appropriate safety behaviors. Additional remedies included: l Daily fitness and stretching classes.
l Appropriate state-of-the-art equipment, including rolling carts, chairs, and lift equipment, chosen in collaboration with nursing staff.
l Changes in organizational culture regarding ergonomics, including requiring the use of equipment, reducing organizational stress, developing competencies regarding patient handling tasks, and discouraging socialized underreporting of injuries. l Modifications of work stations and patient rooms to include ceiling lifts with input from nursing staff. l Increased education and training in ergonomics.
DISCUSSION
Musculoskeletal injuries among health care workers continue to be a prevalent problem in the health services sector (Howard, 2010) . In this study, several key factors were identified that placed health care workers at risk for musculoskeletal injuries. First, participants stated that the physical work environment (i.e., layout, structure, and organization of the nursing work stations) was poorly designed. The size of patient rooms was inadequate for the amount of equipment needed to safely care for patients. Visitors occupied additional space and exacerbated the problem. The number of electrical outlets was limited and outlets were located near the floor, causing staff members to stoop, bend, and kneel on the floor in awkward body postures, or near the ceiling, requiring standing on a chair to use. Poorly organized work cabinets and work stations contributed to reaching or standing on uneven surfaces (e.g., step stool), creating fall risks. Staff members were required to climb over equipment and electrical cords in patient rooms, increasing the risk of tripping. Narrow hallways and corridors made it difficult for nurses to navigate stretchers and lift devices. These situations required nurses to assume awkward sustained postures, use push/pull force, and engage in repetitive movements that, over time, can cause or contribute to musculoskeletal injury (Collins, 2010; Fragala, 2011) .
Second, organizational culture and work conditions, including infrequent or irregular breaks, heavy workloads, inadequate staffing, and lack of education, were serious problems. Unlimited visitors requiring additional chairs in an already crowded patient room created difficult maneuvering of patients and equipment. Nurses also reported accepting that some risk was part of the job; nursing is both stressful and physically demanding. For example, in one analysis of back pain etiology, stress had a strong relationship to the incidence of back pain (Smedley et al., 2003) . Excessive stress and the socialization of nurses to accept occupational health and safety risk as part of nursing practice should be unacceptable.
Third, both patient care and non-patient care work activities and characteristics contributed to musculoskeletal injury risk. Especially significant were patient weight, acuity, and mobility; obese patients often needed assistance to move from bed to chair or to ambulate. Several nurse characteristics were reported as also contributing to musculoskeletal injuries, including lack of professional experience, prior injury, and constitutional factors such as height and age. Nurse participants complained that assistive devices were neither available nor accessible and were too time-consuming to use. Consequently, one or more nurses regularly lifted patients manually.
Study participants were asked to give simple solutions to reduce musculoskeletal injury risk. Based on study data and simple solutions offered by study participants and stakeholders, several recommendations are made. A multidisciplinary implementation team should be created to establish goals and objectives, develop written policies and procedures regarding patient handling, conduct ergonomic assessments to identify specific problems and controls, provide ergonomics education, and coordinate implementation of all interventions, including pilot testing of any new equipment prior to purchase. A comprehensive approach to developing a sound ergonomics program and reducing musculoskeletal injuries will be more effective than a reactive approach to specific injury occurrences (Howard, 2010) . Ergonomic assessments of all hospital units, including patient rooms, should detect deficiencies that must be addressed to reduce risk and eliminate injuries. For example, l Should the nurses' station be redesigned? Is a redesign of the nurses' station needed? l Should ergonomically designed chairs be ordered for every unit? l How are computer work stations organized?
Once assessments are completed and recommended strategies for improvement implemented, evaluation of outcomes is needed, including injury rates and lost workdays, job satisfaction and patient acceptance, and workers' compensation costs.
Nursing and hospital staff must be involved in the early phases of workplace design and construction. The most effective way to prevent occupational injuries is to minimize hazards and risks through work station design (U.S. Department of Health and Human Services, 2009). Nursing staff can identify effective equipment layout to minimize the effect of workplace structure on the quality of nursing care and patient and nurse safety. Some considerations include: l Increase floor space in patient rooms, including bathrooms, and nurses' stations to provide more workspace. Adequate space decreases the need to use awkward postures when working in a room cluttered with equipment and occupied by visitors. l Construct rooms with wider doors and increased floor space for patients who require bariatric equipment and wider furniture. l Elevate or lower the location and increase the number of electrical outlets to decrease unnecessary bending and kneeling on the floor, or standing on furniture.
l Purchase ergonomically designed and tested step stools to use while performing procedures. Although the preferred placement of supplies is between the shoulder and knee range for most workers, this may not always be possible when reaching or bending for elevated equipment and supplies that cannot be placed at a lower level. Careful use of any step stool is essential and coworker assistance is recommended. l By performing unit-specific assessments of patient populations to determine equipment needs, storage can be designed for most necessary equipment. Unused devices should be removed or stored on units where the devices are more frequently used. This approach also avoids time spent searching for equipment that should be readily available.
l Special hospital beds that convert to chairs eliminate the need for bed-to-chair transfer, reducing the risk of injury. This piece of equipment is both time and space efficient.
Lifts, friction-reducing boards, and other assistive devices to meet the demands of each nursing unit should be provided. Leigh, Waehrer, Miller, and Keenan (2004) found that hospitals ranked third among U.S. industries in terms of total costs of work-related injuries and illnesses. Money spent preventing the occurrence of musculoskeletal injuries will spare costs related to staff injuries. These costs include easily measured direct costs of health care and indemnity payments to injured workers and difficult to capture indirect costs of injured worker replacements, training time, lost productivity, decreased morale (Fragala & Bailey, 2003) , and workers' compensation (Restrepo et al., 2013) .
Lifts and transfer devices should be used for all patient handling tasks. Nurses are currently reticent to use assistive devices because they believe that manual lifting is easier and takes less time, hospital units have inadequate equipment storage space, and nurses are unfamiliar with using the equipment (Retsas & Pinikahana, 2000) . If nurses learn how to safely use lifts and the equipment is available, nurses should more readily use the appropriate equipment.
Serious consideration should be given to purchasing and installing ceiling lifts (Randall et al., 2010) , which are gaining popularity in newer patient rooms and redesigned units. Although expensive, the cost savings in preventing back injuries among nurses and potential patient injuries far outweighs the investment. Lifts can be used to transfer patients, reducing the risk of musculoskeletal injuries. The presence of a ceiling lift addresses inadequate floor space to maneuver equipment as well as time to search for a lift (Weinel, 2008) . One study found that, following the replacement of floor lifts with ceiling lifts, patients' satisfaction with the way they were moved increased from 80% to 95% and patient comfort during transfers and lifts increased from 65% to 80% (Ronald et al., 2002) .
Equipment already owned by the hospital should be regularly maintained to decrease injuries costeffectively. For example, performing a simple repair such as replacing a wheel is less expensive than buying new wheelchairs, stretchers, and intravenous poles; new wheels decrease the resistance nurses encounter when they push poorly maintained devices. Appropriate equipment should be purchased in adequate quantities and stored in convenient locations . In a review of nine case studies in which lifting equipment was used in health care facilities, the incidence of injuries was reduced from 60% to 95%, workers' compensation costs decreased by 92%, lost workdays decreased by up to 100%, and absenteeism related to unreported injury was reduced by 98% (Nelson, Fragala, et al., 2003) . By using injury cost data, the cost of the equipment can be justified. Storage areas should be organized for ease of access to equipment. Equipment beyond repair should be removed to make room for working equipment.
Adequate personnel must exist for an appropriate nurse-to-patient ratio. Too few personnel and staff turnover create stress for existing staff and newly hired caregivers. Long shifts and mandatory overtime lead to mental and physical exhaustion and resulting injuries. Demanding work schedules, extended work shifts, and inadequate numbers of health care workers can lead to fatigue and result in health care worker injuries. In addition, staff fatigue can affect patient outcomes (U.S. Department of Health and Human Services, 2009). Quality improvement activities provided by the multidisciplinary team include continuous review of injury data, solicitation of employee feedback, and walkthroughs to monitor work conditions and practices (Fragala & Bailey, 2003; U.S. Department of Health and Human Services, 2009 ). The creation of a quality assurance program should involve physical therapy for injured staff along with efforts to retrain staff on proper ergonomics after injury to prevent re-injury. The implementation of a fitness program involving core body muscle building and stretching will prevent muscle strain and assist aging staff stay physically fit. Most intervention studies of musculoskeletal injuries among nurses have focused exclusively on back injuries without examining injuries to the knees, shoulders, and neck or other activities that contribute to back injuries . Early identification, reporting, and treatment of injuries to prevent debilitating, long-term damage should be encouraged. Administrative support for the early reporting of injuries is vital to minimize the adverse effects of occupational injuries.
Evidence indicates that the single greatest risk factor for musculoskeletal injuries among health care workers is the manual moving, lifting, and repositioning of patients. Activities that require reaching, bending, stooping, twisting, and other awkward postures will also result in these types of injuries. Health care facilities should be tasked with providing adequate lifting equipment and education about safe patient handling. Space redesign must be based on nursing input. A safety culture that includes an integrated, comprehensive, multifaceted approach to an ergonomically sound work environment is essential and must have management and staff commitment to be successful.
IMPLICATIONS FOR PRACTICE
The findings from this study describe workplace conditions and work tasks that contribute to the development of musculoskeletal injuries among health care workers. Strategies to mitigate the risks must be employed by occupational and environmental health professionals. Management must support work-related actions to reduce and eliminate hazards and risks.
Hospital administration and management must seek to develop or support a culture of safety that minimizes ergonomic risk to caregivers. This culture includes sufficient resources to purchase lift and other equipment to support health care workers in performing their jobs and reducing their risk of injury. Short-and long-term strategies (e.g., modification of nursing stations and redesign of patient rooms) must be considered in planning for a viable work environment. Health care workers and occupational health professionals must have input regarding decision making about the practice environment and improving occupational safety.
Training and education must be provided about ergonomic principles, the operation of mechanical devices, and the proper use of lift devices. Health care workers must understand that using their bodies as a lift device rather than the actual mechanical device is not acceptable. Occupational health professionals must lead management and all health care workers in implementing comprehensive and ongoing educational programs, ensuring that health care workers improve their competency in safe patient handling and recognize and avoid scenarios placing them at risk.
Ergonomic practice champions can provide guidance about ergonomic approaches in safe patient handing and help find solutions to deficiencies. They can also assist with training and education and be advocates for an ergonomically safe work environment.
Musculoskeletal injuries at work are pervasive but can be avoided through sound engineering, administrative, and work practice controls. Occupational health professionals are in a position of leadership to develop, implement, and evaluate successful strategies to reduce hazards and risks that contribute to injuries.
